Two new species of the fl ower fl y genus Rohdendorfi a Smirnov, 1924 (Diptera: Syrphidae) are described, Rohdendorfi a bella Mengual, sp. nov. and Rohdendorfi a khakimovi Barkalov, sp. nov. A full description and images of both new species are given, as well as an identifi cation key for the species of this genus. Molecular sequences from mitochondrial cytochrome c oxidase I (COI) gene and nuclear ribosomal 28S and 18S rRNA genes are also provided for the new species. The studied specimens of Rohdendorfi a bella Mengual, sp. nov. are the fi rst record of the genus Rohdendorfi a from India and represent the fi rst individuals collected in the state of Jammu and Kashmir.
Introduction
Rohdendorfi a Smirnov, 1924 is a small genus of fl ower fl ies (Diptera: Syrphidae) restricted to the Palaearctic Region. BARKALOV & NIELSEN (2010) revised the genus, which currently comprises three described species (Rohdendorfi a alpina Sack, 1938 , R. dimorpha Smirnov, 1924 , and R. montivaga Violovitsh, 1984 after R. bactriana Violovitsh, 1984 was synonymized with R. dimorpha (BARKALOV & NIELSEN 2010) .
Rohdendorfi a species are not very abundant in collections and they are found in high altitudes usually above 2500 m a.s.l. (BARKALOV & NIELSEN 2010) . Data on the biology, adult habitat and immature stages are known only for R. alpina (BARKALOV & NIELSEN 2010 , SPEIGHT 2017 . The species resemble species of the genera Platycheirus Le Peletier & Serville, 1828 and Melanostoma Schiner, 1860, and due to this great similarity Rohdendorfi a was considered a subgenus of Platycheirus by some authors in the past (THOMPSON & ROTHERAY 1998) . Molecular evidence supports the generic status of Rohdendorfi a (MENGUAL et al. 2008 , THOMPSON & SKEVINGTON 2014 , MENGUAL 2015 and there are morphological characters to separate it from other closely related genera (BARKALOV & NIELSEN 2010 , HUO 2014 .
In this work two new species of Rohdendorfi a, R. bella Mengual sp. nov. and R. khakimovi Barkalov sp. nov., are described from Central Asia, namely from the region of Ladakh, in Kashmir, and from Pamir, Tajikistan. Full descriptions of the two new species are given, as well as a modifi cation of the identifi cation key to Rohdendorfi a species from BARKALOV & NIELSEN (2010) .
Material and methods
Area of study. Specimens of Rohdendorfi a bella Mengual sp. nov. were collected near the Tso Moriri lake (32°54′ N 78°18′ E) in the region of Ladakh, northwest India in the Jammu and Kashmir State. Flower fl ies were collected using a hand net between 5050 and 5749 m a.s.l. (around 32°59′ N 78°26′ E).
Specimens of Rohdendorfi a khakimovi Barkalov sp. nov. were sampled on Koi-Tezek mountain ridge, Pamir, Tajikistan (37°29′ N 72°47′ E), circa 4300 m a.s.l. (Fig. 1) . Taxonomy protocols. Most of the collected specimens were pinned in the fi eld. Some adults were kept in alco-hol and brought to the laboratory, where they were dried using an automated Critical Point Dryer (CPD) Leica EM CPD300 after being studied, and a few specimens were kept in alcohol for further DNA analyses. Male genitalia were detached before the drying process with the CPD. These specimens were glued to cardboard pieces for their preservation and further study.
Morphological terminology follows THOMPSON (1999) and THOMPSON et al. (2010) . To identify the collected specimens, THOMPSON & ROTHERAY (1998) and THOMPSON & SKEVINGTON (2014) were used to determine the genus. Then, the work by BARKALOV & NIELSEN (2010) was used to key out the species. In addition, material of this genus deposited in the Institute of Systematics and Ecology of Animals (ISEA) and the Zoologisches Forschungsmuseum Alexander Koenig (ZFMK) collections and the original descriptions of the Rohdendorfi a species were used to compare our material with the already described and known species of this genus.
Identifi cation and location labels are indicated with quotation marks (" "), and each line on the label is separated by a double forward slash (//). Handwritten information on labels is indicated in italics. At the end of each record, between square brackets ([ ]) and separated by a comma, the number of specimens and sex, the holding institution, and the unique identifi er or number are given.
The EVENHUIS (2009) standard acronyms were used for the following entomological collections: Google Earth ® version 7.3.0 (Google Inc., 2017) was used to get the geographic coordinates of the type local-ity. All measurements are in millimeters and were taken using a reticule in a Leica M165 C and Stemi 2000-C microscopes. Photographs were composed using the Zerene Stacker 1.04 (Richland, Washington, USA) software, based on images of pinned specimens taken with a Canon EOS 7D camera mounted on a P-51 Cam-Lift (Dun Inc., VA, USA) and with the help of Adobe Lightroom (version 5.6). Body length was measured from the anterior oral margin to the posterior end of the abdomen, in lateral view. Wing length was measured from the wing tip to the basicosta. DNA sequences. One to two legs or the entire specimen from the ethanol preserved or dry pinned specimens were used for DNA extraction. Extractions were carried out using the NucleoSpin Tissue DNA Extraction kit (Machery-Nagel, Düren, Germany) following the manufacturer's instructions; samples were resuspended in 100 μl ultra-pure water. Entire specimens or remnants of specimens were preserved and labelled as DNA voucher specimens for the purpose of morphological studies and deposited at the ZFMK, as listed in 'Examined material' below.
DNA primers and PCR amplifi cation protocols for the mitochondrial protein-coding cytochrome c oxidase subunit I (COI) gene, the D2-3 region of the nuclear ribosomal 28S rRNA gene and a small fragment of the nuclear ribosomal 18S rRNA gene were the same as described in MENGUAL et al. (2008 MENGUAL et al. ( , 2012 . Amplifi ed DNA was electrophoresed on 1.5% agarose gels for visual inspection of amplifi ed products. PCR products were enzymatically treated with ExoSap-IT (USB, Cleveland, OH, USA) and then sequenced (using the PCR primers) in both directions. The sequences were edited for base-calling errors and assembled using Geneious R7 (version 7.1.3, Biomatters Ltd.). All new sequences were submitted to GenBank (see 'Genetics' section below for the accession numbers). 
Taxonomy
Rohdendorfi a bella Mengual, sp. nov. (9) (10) (11) Type locality. India, Jammu and Kashmir State, Ladakh, near Tso Moriri (lake), 32°54′ N 78°18′ E, 5333 m a.s.l.
Type material. HOLOTYPE: , "INDIA: Jammu and Kashmir State, // Description. Male. 6) . Face black, with distinct facial tubercle, concave below antennal insertion, pale pilose, with grey silver pollinosity laterally and below antennae leaving central area of tubercle shiny. Mouth edge protruding, laterally shiny. Gena black, broad, shiny, pale pilose. Lunule black, shiny. Frontal triangle black, pale pilose with some black pile laterally at level of antennal insertion, shiny medially with grey silver pollinosity laterally on eye margin. Eye bare, slightly dichoptic (distance between eyes in dorsal view equal to diameter of ommatidium). Vertical triangle slightly upraised, black, shiny, pale pilose. Antenna black; arista black, thick. Occiput black, pale pilose, with grey silver pollinosity on ventral 2/3.
Thorax (Figs 2−3). Scutum and scutellum black, shiny with blue metallic iridescence, with short pale pile; postpronotum bare; subscutellar fringe with pale pile. Pleuron black, shiny, pale pilose; metaepisternum and metasternum bare; calypter pale; plumula large, pale; halter pedicel and capitulum pale; posterior spiracular fringes yellow. Wing hyaline, entirely microtrichose; stigma dark brown. Alula broad, broader than costal cell. Legs entirely black, with short pile, except metafemur with some long pale pile anteroventrally, shorter than width of metafemur.
Abdomen (Figs 2−3). Unmargined, parallel-sided, pale pilose on lateral margins, black pilose medially; terga 1-3 with long pale pile on lateral margins. Terga 1 and 2 black; terga 3 and 4 black with two squarish yellow maculae; terga 5 and 6 black; sternum 1 dark, yellow posteriorly; sternum 2 yellow, darker medially; sterna 3-5 yellow; sterna 6-8 dark. Male genitalia as in Figs 9−11.
Female 7) . Similar to male except for normal sexual dimorphism and: face and frons shiny, except lateral grey silver pollinose vitta on each side; on frons, these pollinose vittae run on eye margin dorsally up to half distance between antennal insertion and anterior ocellus. Metafemur with short pile. Abdominal sterna entirely yellow; tergum 1 black; terga 2-5 yellow with black fascia on posterior margin, and sometimes along some lateral margin of these terga. Variation. Some male paratypes have 2 smaller yellow maculae on tergum 2 and/or basal yellow fascia on tergum 5. Size of abdominal yellow maculae varies among specimens studied. Length (n=5). Body: 7.9 mm (7.5-8.1); wing: 6.1 mm (5.5-6.2). Genetics. The GenBank accession numbers for this species are: 28S rRNA gene (MH282902, specimen ZFMK-DIP-00027140; MH282903, specimen ZFMK-DIP-00027190), 18S rRNA gene (MH282904, specimen ZFMK-DIP-00027140; MH282905, specimen ZFMK-DIP-00027190), COI gene (MH282897, specimen ZFMK-DIP-00027140; MH282898, specimen ZFMK-DIP-00027190; MH282899, specimen ZFMK-DIP-00027206; MH282900, specimen ZFMK-DIP-00027207). All the obtained COI sequences were identical, with only one nucleotide change in the specimen ZFMK-DIP-00027190 compared to the other three specimens. The two 28S rDNA sequences and the two 18S rDNA sequences were identical, respectively. Differential diagnosis. This new species is very similar to R. khakimovi Barkalov sp. nov. Males of R. bella Mengual sp. nov. have short pile on protibiae, and metafemora with some long pale pile medially, but shorter than metafemur width. They can be distinguished from males of R. montivaga and R. khakimovi Barkalov sp. nov. by the shape of the male genitalia (see Figs 9−14) and from the males of R. dimorpha by the pilosity of the metafemur and by the male genitalia. As stated by BARKALOV & NIELSEN (2010) and corroborated by the present study, females of R. montivaga and R. dimorpha are sometimes indistinguishable, and the presence of conspecifi c males may help to identify them. Females of R. bella Mengual sp. nov. are very similar to those of R. montivaga and R. dimorpha, and they can only be separated from them using the distribution of the specimens, DNA barcodes, or conspecifi c males. Females of R. khakimovi Barkalov sp. nov. can be distinguished from females of these three taxa using the grey pollinosity on frons as stated in the key. Etymology. The specifi c epithet is derived from the Latin bellus meaning pretty, lovely (BROWN 1956: 130) . Species epithet to be treated as an adjective. 9-17. Male genitalia. 9-11 -Rohdendorfi a bella Mengual, sp. nov. 9 -epandrium, dorsal view; 10 -epandrium, lateral view; 11 -hypandrium, lateral view. 12-14 -Rohdendorfi a khakimovi Barkalov, sp. nov. 12 -epandrium, dorsal view; 13 -epandrium, lateral view; 14 -hypandrium, lateral view. 15-17 -Rohdendorfi a alpina Sack, 1938 (adapted from CLAUSSEN 1988 . 15 -epandrium, dorsal view; 16 -epandrium, lateral view; 17 -hypandrium, lateral view. Scale bars = 0.2 mm.
Biology. Some paratypes were collected in areas with Potentilla pamirica Th.Wolf, Arenaria bryophylla Fernald, Thylacospermum sp., and Astragalus confertus Bunge. Geographical distribution. Only known from the Ladakh region, in northwest India. The studied specimens are the fi rst records of the genus Rohdendorfi a collected in India, and the fi rst individuals from the state of Jammu and Kashmir.
Rohdendorfi a khakimovi Barkalov, sp. nov. (Figs 1, (12) (13) (14) (18) (19) (20) (21) (22) (23) (24) 35) Type locality. Tajikistan, Gorno-Badagshan Autonomus Region, Pamir, mountain pass Koi-Tezek, 37°29′ N 72°47′ E, 4370 m a.s.l. (Fig. 1) . Description. Male. 22) . Face black, with distinct facial tubercle, concave below antennal insertion, pale pilose, with two stripes of grey dusting laterally, central part and lower part shiny. Mouth edge protruding, shiny. Gena low, shiny, black, with short black pilosity. Lunula black, shiny. Frontal triangle black, black and white pilose, shiny medially, with dense grey silver pollinosity laterally on eye margin. Eyes bare, connected for distance as long as vertical triangle. Vertical triangle distinctly upraised, black shiny, black pilose. Antenna black, with dense grey pollinosity, basofl agellomere yellowish ventro-basally; arista short, thick, black. Occiput black, pale pilose, shiny on dorsal 1/2 and with grey pollinosity on ventral 1/2.
Type
Thorax (Figs 18−19) . Scutum and scutellum black, shiny with short white and longer black fi ne pile; postpronotum bare; subscutellar fringe with pale pile. Pleuron black, shiny, pale pilose; metaepisternum and metasternum bare; calypter white; halter pedicel dark brown, capitulum white. Wing hyaline, entirely microtrichose; stigma dark brown. Alula brown, broader than costal cell. Legs simple, entirely black, with short pile; metafemur fi nely swollen medially, covered with yellow and black long pile, shorter than metafemur width (Fig. 24) .
Abdomen (Figs 18−19, 24) . Unmargined, parallel-sided, with short, erect pale pile, longer on sides of terga 1-2. Tergum 1 black; tergum 2 black with two small yellow maculae; terga 3-4 mostly orange-yellow with black anterior and posterior margins; tergum 5 mostly black with orange lateral sides. Male genitalia as in Figs 12−14.
Female 23, 35) . Similar to male except for sexual dimorphism and: frons comparatively broad ( Fig.  23 ) with black pile medially and pale pile laterally; scutum with pile of equal length; pile on swollen central part of metafemur shorter than in male and adpressed; tergum 2 orange with narrow black fascia anteriorly and posteriorly (Figs 20-21 Biology. Adult fl ies were resting on stones and from time to time, they fl ew short distances of approximately 30-50 m. There were no fl owers in this locality, and adult fl ies were concentrated in a small gorge, probably due to the absence of wind. Most of the adult fl ies were females, but some males, which look slightly different in the fi eld, were also collected. Geographical distribution. Only known from the type locality. (Figs 2, 6, 19, 22) . ........ 2 2 Protibia with long pile ventrally (Fig. 25) .................................................................................. .4 4 Metafemur with long erect pale pile anteroventrally, as long as width of metafemur (Fig. 26 ). Male genitalia as in Figs 30-32: in lateral view, surstylus with broad basal part and strong curvature medially (Fig. 31) ; in dorsal view, surstylus broad basally, narrows towards apical part (Fig. 30) shorter than width of metafemur (Figs 8, 24) . Male genitalia not as above (Figs 9-14 Smirnov, 1924 (adapted from BARKALOV & NIELSEN 2010 29 -epandrium, lateral view. 30-32 -R. montivaga Violovitsh, 1984 (adapted from BARKALOV & NIELSEN 2010 31 -epandrium, lateral view; 32 -hypandrium, lateral view. Figs 33-36. 33 -Rohdendorfia alpina Sack, 1938 , female (ZFMK-DIP-00019933), head, frontolateral view. 34 -R. dimorpha Smirnov, 1924 , female (ZFMK-DIP-00019932), head, frontolateral view. 35 -R. khakimovi Barkalov, sp. nov., female, head, dorsal view. 36 -R. montivaga Violovitsh, 1984, female, head, dorsal view . Scale bars = 0.5 mm.
Other examined taxa

Discussion
Two new species of Rohdendorfi a are described from Central Asia, one of the highest regions on Earth. The studied type specimens of R. (2010), without male specimens from this region it is not possible to confi rm the occurrence of R. dimorpha in these territories.
Rohdendorfi a females are diffi cult to be distinguished as they present many variable characters (CLAUSSEN 1988 , BARKALOV & NIELSEN 2010 . The distribution or the presence of conspecifi c males may help with the identifi cation, but we support the use of molecular characters in these cases to link sexes. DNA barcoding has been already used to link sexes (JORDAENS et al. 2015) and life stages (ANDRIĆ et al. 2014 ). Thus, we have sequenced a few genes (COI, 28S and 18S rRNA) from the holotype of R. bella Mengual sp. nov. and from some paratypes of R. bella Mengual sp. nov. and R. khakimovi Barkalov sp. nov. to help with further identifi cations of this genus based on molecular characters, especially females. When we compared the COI sequences of the two new species with the sequences published in GenBank for this genus (R. alpina, accession number KF919082), we did not fi nd a very broad uncorrected pairwise distance among them as the three species differ from 0.463% to 1.235% (see Table 1 ). There is another published COI sequence for R. alpina (GenBank accession number EF127338), but it refers to the 3′end of the COI gene and it cannot be compared with the barcode sequences of the 5′end of the COI gene. Nevertheless, it is interesting to point out that the two published COI sequences for R. alpina (KF919082 and EF127338) present many nucleotide changes in the region where they overlap and this deserves further study.
Regarding the two rRNA genes sequenced in the present study, we think they can be of little use to distinguish species due to their conservative nature, although the number of published sequences is very low and their use might improve with higher numbers of sequences. There is only one published 28S rDNA sequence of R. alpina (GenBank accession number EF127420) and another one for R. dimorpha (GenBank accession number EF127395), which do not differ from one another, but both differ in two nucleotides from the two obtained sequences of R. bella Mengual sp. nov., which are identical. For the 18S gene, its use for distinguishing species is also limited by its conservative nature and the low number of published sequences; only one 18S rDNA sequence for R. alpina is published (GenBank accession number EU431552). The 18S rDNA sequence of R, alpina has only one nucleotide change compared with the two identical 18S rDNA sequences here obtained for R. bella Mengual sp. nov.
Albeit the differences among different species for the studied genes (COI, 18S and 28S rRNA) are small, we think it is worth to obtain and publish new sequences of Rohdendorfi a to help with the identifi cation of males and females, either from the DNA-barcoding region or from other genes that can provide a better resolution at species level.
Rohdendorfi a species are high alpine taxa occurring in the highest mountains on Earth, such as the Alps, Caucasus, Altai, Sayan, Tian Shan, Kashgar, Dzungarian Alatau, Pamirs, Alai and Ladakh. Their abundance may be locally high, as the type series of R. bella Mengual sp. nov. and R. khakimovi Barkalov sp. nov. prove, but usually they are not abundant in collections. LAMBECK & BRINK (1973) presented R. dimorpha as an oreal species of the Pamir. VARGA (1996) defi ned the oreal fauna as the fauna from non-arboreal
